The manufacture and use of polychlorinated biphenyls (PCBs) was banned in the United States in 1977 after it was determined that these compounds adversely affect animals and humans. The Wisconsin Department of Natural Resources has quantified total PCB concentrations in Lake Michigan chinook (n = 765) and coho (n = 393) salmon (Oncorhynchus tshawytscha and Oncorhynchus kisutch, respectively) filets since 1975. We analyzed these data to estimate trends in PCB concentrations in these fish . We used generalized linear models with a gamma error distribution and log link fit to the untransformed concentrations. Trend patterns were examined using graphical smoothing and generalized additive models. We identified a candidate set of models that included time trend and other predictor variables. Using the Akaike Information Criterion to select among models we found the best models for both species included piecewise linear time trends, total body length, % lipid, and collection season as predictor variables. The intersection of the two trends was 1985 for chinook salmon and 1984 for coho salmon. PCB concentrations in both species increased with body length and % lipid, and were higher for individuals caught in the fall. Our data reveals a dramatic decline in PCB concentrations of −16.7% and − 23.9% per year for chinook and coho, respectively, up until the intersection year likely reflecting implementation of restrictions on Aroclor-based PCBs. After the intersection year to 2010, PCB concentrations declined at an annual rate of −4.0% (95% CI: −4.4% to −3.6%) and −2.6% (95% CI: −3.3% to −1.9%) for chinook and coho, respectively.
Introduction
Millions of people depend on the Great Lakes for food, drinking water, recreation, and income generation. However, these "inland seas" can act as both a sink and a source for pollutants. This is particularly true for Lake Michigan and its watershed, which has a long history of pollution including compounds known as persistent organic pollutants (POPs) discovered starting in the early 1960s (Delfino, 1979; Murphy and Rzeszutko, 1977; St. Amant et al., 1983; Veith, 1975) .
At the same time, Lake Michigan continues to support a robust sport fishery, with recreational anglers spending just under 5 million hours on the lake in 2011 (Hanson et al., 2011) ; activity associated with fishing is an important part of the Lake Michigan economy. Some of the most pursued species are chinook and coho salmon (Oncorhychus tshawytscha and Oncorhychus kisutch, respectively) despite recommendations since the 1970s to limit their consumption due to contaminant concentrations in their tissues (Becker, 1983) .
Natives to the Pacific Coast, chinook and coho salmon were first introduced into the Great Lakes beginning in the late 1800s. Concerted stocking of large numbers into Lake Michigan began in the 1960s with the goal of reducing invasive, problematic alewife populations and producing a sport fishery. Both species are semelparous; mature adults typically congregate near the mouth of their natal or stocked tributary in late summer or early fall. After stocking, most chinook spend 3.5 years growing in the lake whereas coho, stocked at a later age, generally spend only 2 years. Chinook and coho populations have been primarily maintained by state-operated hatchery systems using a variety of stocking schemes over the years. Abundance has varied reflecting management of stocking and harvest levels to support a continued quality fishery, control of nonindigenous species, and restoration of native forage fishes (Lake Michigan Fisheries Team, 2004) .
Contamination due to a subset of POPs known as polychlorinated biphenyls (PCBs) illustrates the conflict between Lake Michigan's salmon fishery and its legacy contaminants. Human and animal studies show that exposure to PCBs is associated with a wide variety of adverse effects (Crisp et al., 1998) , including developmental disorders and reduced birth weights of children born to mothers who ate contaminated fish, increased cancer risk, diabetes, and thyroid problems (Brouwer et al., 1995; Koopman-Esseboom et al., 1994) . PCBs are highly lipophilic and bioaccumulate in fish including commonly consumed predator species such as walleye, bass, and salmon (Carlson and Swackhamer, 2006; Gewurtz et al., 2011) . After PCB use and manufacture was banned in the United States in 1977, direct environmental exposure of humans decreased (Hu et al., 2011; Knobeloch et al., 2008) . However, exposure via consumption of fish from contaminated waters remains a concern. Lake Michigan has the highest PCB concentrations of all the Great Lakes (Carlson and Swackhamer, 2006; Hu et al., 2011) . All states bordering Lake Michigan continue to issue consumption advisories for Lake Michigan fish due to PCB concentrations. Furthermore, ten watersheds contributing to Lake Michigan have been identified as sources of PCBs requiring remediation (Great Lakes Commission, 2002) .
While PCB concentrations in lake fishes dropped markedly following restrictions on PCBs' manufacture, use, and disposal, recent trends display more moderate declines (Bhavsar et al., 2007; Chang et al., 2012; Hickey et al., 2006; Hu et al. 2011) . Modeling trends of PCBs in Lake Michigan fish are a potential way to evaluate efforts to remediate ongoing sources of PCBs to Lake Michigan in light of other factors that also affect PCB concentrations in fish (i.e. gender, age/size, diet, lipids or condition; de Boer et al., 2010; French et al., 2006; Gewurtz et al., 2011; Jude et al., 2010; Madenjian et al., 2010; Sadraddini et al., 2011) . In the 1970s, the Wisconsin Department of Natural Resources (WI DNR) began widespread testing of many fish species including Lake Michigan chinook and coho for DDT, PCBs, and other chlorinated chemicals. In this paper we examine the form of temporal trends in PCB concentrations in Lake Michigan chinook and coho salmon filets collected over the period 1975-2010, and compute trend estimates while accounting for other predictor variables that may affect the concentrations.
Methods

Sampling
Collections were mostly conducted during fall migration at weirs using nets or by electrofishing using standard fisheries practices (Bonar et al., 2009 ). Salmon were also collected from open waters using gill nets as a part of fisheries assessments or through angler donation programs (typically in warmer months). Annual collections occurred from 1975 to 1990, after which biennial sampling was instituted.
Chemical Analysis
After collection, individual fish were measured for length, labeled, frozen and transported to the Wisconsin State Laboratory of Hygiene (WSLH) where they were weighed and fileted. Fish age was estimated for a subset of fish using scales or based on marking and stocking information. Gender of a subset was determined by gross visual examination of gonads. Skin-on filets were homogenized using a meat grinder and subsamples placed in glass jars with foil under the lid and frozen at −20°C until analysis.
Lipid content of homogenates was determined gravimetrically (Schmidt, 1997) . Homogenates were analyzed for total PCB concentration according to methods specified in the Wisconsin State Laboratory of Hygiene manual (2006 and earlier editions) and as previously described in Maack and Sonzogni (1988) , Masnado (1987) , and Stow et al. (1993) . A 10 g sample of the homogenate was mixed with 60 g anhydrous sodium sulfate and extracted with 230 mL methylene chloride. Gel permeation chromatography was followed by Florisil and silica gel clean up (EPA Methods 3640A, 3620B, and 3630C). Analysis for PCBs was performed by gas chromatography with electron capture detection. Quantitation was accomplished by comparison with a standard Aroclor or combination of Aroclors that best matched the sample. Sample peaks with identical retention times to Aroclor standards are summed to calculate total concentration. Appropriate quality control measures (blanks, matrix spikes, surrogate tetrachloro-m-xylene spikes and duplicates) were undertaken to ensure accuracy and precision of the analyses. Spike recoveries average about 85% and relative percent difference of duplicates average about 11%. All PCB and lipid concentrations are reported on a wet weight basis. PCB results are reported to two significant figures and the level of detection was 0.2 μg/g and 0.04 μg/g for analyses conducted before and after 1990, respectively. Estimation of total PCBs in fish based on Aroclor patterns is a cost-effective and consistent analytical method for assessing long-term temporal PCB trends. This method may result in slightly different estimates of total PCBs compared to methods that are based on congener summation (Maack and Sonzogni, 1988; Madenjian et al., 2010; Sonzogni et al., 1991) , and it does not allow for source fingerprinting or more precise toxicity assessments (Cleverly, 2005) .
Statistical methods
PCB concentrations, like concentrations of other environmental contaminants, often follow a lognormal distribution, resulting from dilution processes involved in their generation (Ott, 1995) or from multiplicative processes associated with growth and development. This suggests that concentrations should either be log-transformed before using standard statistical methods that assume a normal error distribution, or that a method that does not assume a normal error distribution should be used. We used generalized linear models with a gamma error distribution and a log link fit to the untransformed concentrations. These models are similar to linear models with log-transformed PCB concentration as the response, but the generalized linear models provide predictions and estimates on the original scale without requiring adjustments in back-transformation (Venables and Dichmont, 2004) . For our data, both modeling approaches resulted in the same model rankings (same predictor variables) and very similar parameter estimates. One of the primary objectives of our analyses was to estimate time trends in PCB concentrations. Because there is no reason to assume that trends follow a simple linear or exponential pattern, we examined the form of trends using graphical smoothing and generalized additive models, or GAMs (Wood, 2006) . We fit some models with piecewise linear time trends which were estimated using dummy variables to represent the two trends; the unknown time at which the slope changed was estimated using the iterative method of Muggeo (2003 Muggeo ( , 2008 .
We identified a candidate set of models that included time trend and other predictor variables such as body length, % lipid content, season caught (Spring-Summer or Fall-Winter), location caught (northern, central, or southern sections of Lake Michigan) and condition (a ratio of body weight to body length where K = 100 (body weight in grams/length in cm 3 )). Body weight was not available for all individuals, so we first fit models without condition as a predictor using the full datasets. We then used a smaller dataset without missing values for condition to compare the best-fitting models from the first step with additional models that included condition as a predictor. Gender of fish was not determined for many individuals and we did not include it as a factor in models. We used the Akaike Information Criterion (AIC) to select among models, with the best model having the minimum AIC among the models (Burnham and Anderson, 2002) . The AIC includes a penalty determined by the number of parameters in the model, which prevents overfitting. A general rule of thumb is that models within 2 AIC units of the minimum AIC fit equally well (Burnham and Anderson, 2002) . We examined in greater detail the best models as selected by AIC, using plots of residuals against predicted values and examination of influential observations. After identifying the model with lowest AIC among our candidate set of models, we examined additional models that included interactions among the main effects included in that best-fitting model. All analyses were conducted using R (R Development Core Team, 2011).
Results
Samples
Chinook (n = 765) and coho (n = 393) salmon collected for PCB determination from 1975 to 2010 ranged in size, weight, and lipid content (Table 1) . Out of the 36 year time period, chinook and coho were collected in 29 and 22 years, respectively. The number of individuals collected per year of sampling ranged from 1 to 180 for chinook and 1 to 81 for coho. The most heavily sampled year was 1985, coinciding with a program designed to evaluate the variability of PCBs in Lake Michigan salmonids (Masnado, 1987) . Most samples were collected in the fall as the fish returned to tributaries for spawning but some sampling occurred in other months, typically using gill nets set in open water.
Samples were collected from over 36 different locations, ranging from tributaries to offshore locations (Fig. 1 ). For our purposes we grouped collection locations into north, central and southern Michigan. Most chinook samples were collected from the central Michigan locations (42%) and northern Michigan (35%); most coho samples were collected from central Michigan (56%). Coho samples from northern Michigan were so Table 1 Descriptive statistics of coho and chinook salmon samples and wet weight concentrations of total PCBs and % lipid in scaled, skin-on filets a N = 1 reported as less than the level of detection. , 1975-2010. infrequent that the few samples collected (n = 6) were combined with the central Michigan grouping. The mean size of chinook in the sample was 75.5 cm, with most fish between 65 and 90 cm ( Table 1 ). The mean size of coho sampled was 57.4 cm, with most between 50 and 65 cm. The distributions of lengths for both species were symmetric with no unusual values. Weight and condition were not available for 36 chinook and 8 coho.
Fig. 1. Collection locations in Lake Michigan
Lipids measured in chinook skin-on filet samples were skewed to the right, and the mean % lipids was larger for fish caught in the summer (4.8%) than the fall (2.3%), but with considerable overlap between the seasons. For coho filets, the distribution of % lipids was skewed to the right, but without obvious outliers. The mean % lipids for coho caught in the spring and summer was 5%, while that for coho caught in late summer and fall was 3%, but there was considerable overlap in the distribution of % lipids values for the two seasons.
Total PCB concentrations in chinook filets ranged from 0.1 to 13.0 μg/g (wet weight), with 75% of observations less than 2.1 μg/g (Table 1 ). The largest PCB concentration measured in coho filets was 26 μg/g in 1976.
The second highest concentration was 7.3 μg/g, and there were only five PCB measurements greater than 5.0 μg/g, suggesting that the largest measurement of 26 μg/g is unusual. Only two samples were collected before 1978, including the sample with the exceptionally large value of 26 μg/g in 1976. To ensure that this observation did not unduly influence conclusions, we analyzed data with and without the 2 observations collected before 1978 (in 1975 and 1976) . Statistical analyses were based on a sample size of 764 chinook, because one record with an exceptionally high lipid value of 33% was excluded.
The subset of the samples that were aged shows that chinook in the dataset ranged from age 2+ to 3+ years (n = 23) and coho from 1+ to 2+ years (n = 111). Chinook were 20% female, 23% male and 57% were uncertain or undetermined. Coho were 26% female, 38% male, and 26% uncertain or undetermined.
Coho salmon models
Exploratory analyses suggested that log-transformed filet PCB concentrations decreased throughout the period, but at a faster rate before 1990; results from GAMs reinforced this conclusion. Because of this, we fit models with a quadratic trend with piecewise linear trends, and with a simple linear trend for comparison (note that all of these were linear or quadratic on the log scale). Using the iterative method of Muggeo (2008) , we estimated 1984 as the time of intersection between the two piecewise linear trends.
The best-fitting models all included piecewise linear trends with an intersection between the two trend lines in 1984 (Table 2 ). Models were ranked by AIC in the same order for both the full dataset and for the reduced dataset without observations from the first two years of the study (1975 and 1976) . The two models with the smallest values of AIC both included as additional factors body length (cm), % lipid in filets, and season collected (fall or summer). One of the two models also included collection location.
Because the model without location is simpler, easier to interpret, and has the minimum AIC, we emphasize that model in the following. Note also that, based on likelihood ratio tests, differences among locations were not significant in any of the models that included location as a factor. Plots of residuals as well as the relationships estimated using GAMs verified that this model fit well and that there was no indication of a nonlinear effect of any of the predictor variables. The rate of decrease in filet PCB concentrations was very large during 1977-1984 (−23 .9% per year; 95% CI: −27.7% to −20.0%) and much lower during 1985-2010 (− 2.6% per year; 95% CI: − 3.3% to − 1.9%; Table 3 and Fig. 2) . PCB concentrations were larger in filets of coho collected in the fall (Table 3) for fish of all lengths and % lipid levels. Fish collected in the fall also had lower filet lipid levels than those caught in the summer; this was primarily due to large % lipid levels for the large fish caught in the summer. Filet PCB concentrations increased with body length (2.8% per cm; 95% CI 2.3%-3.2%).
Models that included condition as a predictor were fit using a smaller dataset containing only those records where condition was available. The best fitting models for this smaller dataset were the same as those for the full dataset; models including condition fit substantially worse and are not discussed further.
Although analyses of residuals revealed no evidence of lack of fit (there were no curvilinear patterns in residuals and residual variance was homogeneous), we examined 2-way interactions among the predictor variables included in the best-fitting model (described above). The model that fit the best included 2-way interactions between season and the two time trends, season and % lipid, and length and % lipid. Incorporating these interactions in the model improved the fit, reducing AIC from 174.95 to 154.0, but did not change the general conclusions drawn from the model.
The interactions between season and time trends reflected steeper estimated declines in PCB concentrations over time for coho collected in summer, but primarily for the period before 1985 when few coho were collected in the summer (N = 10). Trends in filet PCB concentrations estimated for the later time period from this model were −2.8% per year for fish caught in the summer, and − 2.6% per year for fish caught in the fall, compared to −2.6% for the simpler model with no interactions. The interaction between season and % lipid revealed a higher rate of increase in PCB concentration with % lipid in the summer (66.0% for each 1% change in % lipid) versus the fall (51.7%). The interaction between length and % lipid reflected a steeper rate of increase in filet PCB concentration with body length for coho with low filet % lipid. For instance, for coho filets with 2% lipid, the rate of increase with length was 3.2% per cm; for fish with 3% lipid, the rate was 2.7% per cm; and for fish with 4% lipid, the rate was 2.1% per cm. Coho with high filet % lipid exhibited higher PCB concentrations even at small lengths, but PCB concentrations appeared to increase at a slower rate in these fish as length increased. While these interactions improved the fit of the Table 3 Generalized linear model estimates for coho salmon from the best model from model, they represent only minor changes in the primary relationships among PCB concentrations and time, body length, % lipid, and season that were suggested by the original main effects model described previously.
Chinook salmon models
Exploratory plots and GAM models suggested patterns for chinook similar to coho with a rapid decline in filet PCB concentrations until the mid to late 1980s, then a slower decline to the 2010; increases in PCB concentrations as both body length and % lipid in filets increased; and higher PCB concentrations in filets from fish collected in the fall than in the summer. We fit the same set of models that we fit for coho, and estimated the point of intersection of piecewise linear trends to be 1985, one year later than for coho.
The two models for chinook with lowest AIC included the same predictors as the two best-fitting models for coho: predictors for the model with minimum AIC were piecewise linear time trends, fish body length, % filet lipid, and season collected (Table 4) . The model including the additional predictor of location fit slightly worse. The estimated rate of decrease in PCB concentration was −16.7% per year for 1976-1985 (95% CI: −18.2% to −15.2%) and −4.0% per year for 1986-2010 (95% CI: −4.4% to −3.6%; Table 5 and Fig. 3 ). PCB concentration increased by 2.3% per cm of length (95% CI: 2.1% to 2.5%) and by 10.2% for each 1% increase in % lipid (95% CI: 8.9% to 11.6%). For chinook at a given length and % lipid content, PCB concentrations were 80.6% larger for fish caught in the fall than the summer (95% CI: 67.7% to 94.5%).
As with coho, we also examined models that included condition as a predictor using a smaller dataset containing only records with condition. Similar to our findings with coho, models with minimum AIC were the same as those for the larger dataset; models including condition fit substantially worse.
We examined models with all combinations of 2-way interactions among the predictor variables in the model just described; among those models, the one with minimum AIC included 2-way interactions between chinook body length and the two time trends, between length and season, and between length and % lipid. The interactions between body length and the time trends suggested that larger chinook exhibited slower declines than smaller fish in the early time period (− 17.7% for a 60 cm fish vs −13.3% for a 100 cm fish), but more rapid declines in the later time period (− 3.5% for a 60 cm fish vs − 5.3% for a 100 cm fish).
The interaction between chinook body length and season caught was due primarily to differences in filet PCB concentrations for smaller fish between the two seasons. Chinook collected in the summer showed a linear increase in PCB concentration with length, with low concentrations for small fish. Fish caught in the fall exhibited a smaller rate of increase in PCB concentration with length, but small fish had larger PCB concentrations than similar size fish caught in the summer. Large fish had similar PCB concentrations in both seasons. The interaction between chinook length and % lipid was very similar to the corresponding interaction found for coho: there was a steeper rate of increase in PCB concentration with body length for fish with low values of % lipid. As with models for coho, the chinook model with interactions among predictor variables reflected minor changes in the relationships found in the simpler model without interactions.
Discussion
Models developed using coho and chinook PCB records from 1975 to 2010 show a steep decline in filet total PCB concentrations prior to the mid-1980s and less dramatic declines after the mid-1980s. We found the best models for both species included piecewise linear time trends, body length, % lipid in filet, and collection season as predictor variables. The intersection of the two trends was 1984 for coho salmon and 1985 for chinook. Our data demonstrates a dramatic decline in PCB concentrations before the mid-1980s of − 16.7% and − 23.9% per year for chinook and coho, respectively, likely reflecting implementation of restrictions on PCBs. For the period between the mid-1980s to 2010, PCB concentrations declined at a rate of −4.0% per year (95% CI: −4.4% to −3.6%) and −2.6 per year (95% CI: −3.3% to −1.9%) for chinook and coho, respectively. Table 3 ). Table 4 AIC for chinook salmon candidate generalized linear models with filet total PCB concentration as response, assuming Gamma error distribution and log link. T1 is the linear trend from 1976-85; T2 is the linear trend from 1986 to 2010. k = number of parameters in the model; ΔAIC = difference in the model AIC compared to the best fitting AIC score. Table 5 Generalized linear model estimates for chinook salmon from the best model from Chang et al. (2012) reviewed recent estimates of temporal trends of PCBs in a variety of media types (air, sediment, water, gull eggs, lake trout) and while the time period examined varied, annual decreases have been estimated to be less than 10% over the Great Lakes. They estimated that whole body PCBs declined 8.1% annually in the long-lived and high lipid Lake Michigan lake trout during the period 1999-2009. Because lake trout may live up to 20 years (Becker, 1983) , these trend estimates may still reflect dramatic PCB ban effects. French et al. (2006) found exponential decay models best described temporal trends in the sum of PCB congeners in Lake Ontario chinook and coho salmon over the time period 1983 to 2003. The exponential decay rates estimated by French et al. equate to annual percentage changes of −7.87% for chinook and −9.61% for coho. While PCB trends exhibited by different Lake Michigan species, media or time periods are expected to differ (Hu et al., 2011; Lamon et al., 2000) , our estimates may best reflect the more recent PCB reductions in Michigan salmon. This information should be useful in evaluating contemporary efforts to reduce PCB sources to Lake Michigan.
However, changes in food webs, fish condition, stocking and harvest rates, environmental conditions, and other factors have also been identified as important to PCB bioaccumulation (Stow et al., 1995) . For example, substantial decreases in the abundance of the amphipod Diporeia occurred during the 1990s and early 2000s and were attributed to the zebra mussel invasion (Nalepa et al., 1998 (Nalepa et al., , 2006 . Diporeia then became a much smaller portion of the diet of alewives (Alosa pseudoharengus; Madenjian et al., 2003 Madenjian et al., , 2006 , which had previously been the dominant forage of Lake Michigan salmon (Jacobs et al., 2013; Madenjian et al., 1998 Madenjian et al., , 2002 . Diporeia contain the highest PCB concentration of all invertebrates consumed by alewives (Madenjian et al., 1999) ; and as their abundance declined, average PCB concentrations in large alewives in Lake Michigan decreased at a rate of − 11% per year during 1995-2001 (Madenjian et al., 1993 (Madenjian et al., , 1999 (Madenjian et al., , 2004 . It is highly likely therefore that Lake Michigan salmon PCB concentration dynamics are in part a response not only to restrictions on PCBs and ongoing remediation efforts but also to ongoing dramatic changes in the Lake Michigan food web.
Others have found that PCB trends may vary by location in Lake Michigan (Carlson and Swackhamer, 2006) . We did not find significant differences in PCB concentrations or trends among locations perhaps due in part to small numbers of fish collected from some areas. Chang et al. (2012) did not find regional differences in PCBs in lake trout collected from two different locations in Lake Michigan. Other factors that are likely important are gender and age, but again this dataset limited our ability to examine those factors.
We found that PCB concentrations in both salmon species increased with body length and % lipid, and were higher for individuals caught in the fall. The condition of Lake Michigan chinook and coho over the study period has varied reflecting changes in the forage base, stocking and harvest rates, and introduction of invasive species (Lake Michigan Fisheries Team, 2004) . Accounting for % lipid and body length of the individual fish collected over the study period is important for an accurate estimate of PCB trends (de Boer et al., 2010; Gewurtz et al., 2009; Hickey et al., 2006; Sadraddini et al., 2011) .
Interestingly temporal declines in PCB concentrations differed between chinook and coho in a way that might be attributable to differences in characteristics of the two species. The point of transition between fast and slower rates of decline was one year later and the rate of decline in the early period was lower for chinook compared to coho. In Lake Michigan, chinook spend more time in the lake, consume about twice as much forage, grow to larger sizes, and have exhibited higher PCB concentrations compared to coho (Becker, 1983; Lamon et al., 2000; Stewart et al., 1981) which could explain the lag in the transition and early period declines.
The interpretation of models with interactions was complicated by the existence of interactions among the predictor variables themselves. For instance, the relationship between % lipid in filets and fish length differed between seasons for both species. Fish caught in the summer exhibited a positive correlation between % lipid and fish length while fish caught in the fall showed no relationship between lipid and length possibly due to loss of fat from muscle tissue during migration and spawning activities. Because filet PCB concentrations increased with both fish length and filet % lipid, these seasonal differences in the relationship between fish length and % lipid may result in interactions of these variables with PCB concentration. Even in the models that included interactions, the underlying relationships remained as filet PCB concentrations increased with fish length and filet % lipid and fall filet PCB concentrations were slightly higher. Gender and age-at-length information over these time periods may clarify some of these observations (Gewurtz et al., 2011; Madenjian et al., 2009 Madenjian et al., , 2010 . Our purpose in fitting models with interactions was to determine whether interactions may change the understanding of trends in PCB concentrations. Because the interactions had little effect on estimates of temporal trends in PCB concentration, we have emphasized the interpretation of simpler models without interactions, even though the models with interactions fit better.
Our models quantified temporal trends of PCB concentrations in chinook and coho filets over the years 1975 to 2010 and the relationships between filet PCB concentrations and body length, filet % lipid, and season of collection. This information will be helpful in evaluating the mass balance of PCBs in Lake Michigan, whether the loss from biota is due to burial of PCBs, reduction in sources entering Lake Michigan, loss to the atmosphere, or reflecting changes in the Lake Michigan food web and environmental conditions. While contemporary declines are slower, the estimates are still significant enough to be detected in these two important Lake Michigan fish using information available from Wisconsin's fish contaminant monitoring program.
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